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Abstract 

We investigate the effective action for a non-BPS brane in a time- 
depending embedding. This action is considered as the action for tachyon 
and embedding coupled to the brane gravity. We derive the slow roll 
parameters from this model. 
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1 Introduction 

The observation of Cosmic Microwave Bacground (CMB) has provided good ev- 
idence that the universe, it being described by the Friedman-Robertson- Walker 
(FRW) metric, underwent a period of acceleration in its early times. The data 
from Type la super-novae pointed out that the universe has accelerated very re- 
cently and remains in this state up till now. To describe these phenomena in the 
string theory approach makes one of the most important theoretical challenges. 
In seeking a description of these phenomena one may pass to an effective field 
theory in the low energetic approximation. The result then is a supergravity 
theory in 10 dimensions. In order to obtain 3-spatial dimensions one shall either 
construct a spontaneous compactification scenario or postulate that universe is 
a type of a 3-brane. One of the most popular recent approaches to the inflation 
problem is to use an open string tachyon on a non-BPS brane as an inflaton 
[1]. The non-BPS states are then realized as the bounded states of a brane- 
antibrane system with tachyon condensation [2]. In this approach (scenario) 
the inflaton potential should ,in principle, be computed directly by substituting 
the complete superpotential into the supergravity F-potential. Then the break 
of supcrsymmctry in the brane-antibrane system leads to a subtle problem. The 
problem is that the exponential tachyon potential cannot produce the last 60 
e- folds [3]. In the other scenario the role of inflaton is played by the separa- 
tion between D-branes [4, 5]. Both of the scenarios above are accommodated 
in the form of a hybrid inflation where the tachyoinc open string fluctuations 
end inflation [6]. In this paper we shall study the inflation conditions in the 
system with a tachyon field. This system corresponds to a non-BPS brane and 
is described by the DBI-like action. This system is embedded in the background 
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produced by BPS branes. The effective action for a non-BPS brane consists of 
the Hilbert-Einstein action and the DBI-like action. The form of the slow roll 
parameters is obtained from this effective action. 



2 Non-BPS Dp-branes 

A N coincident BPS Dk-branes produced a background in which metric Gmn 
a dilaton <f> and the RR potential A^+i) are given by [7]: 



G MN dX M dX N = X-q^dX^dX" + A" 1 (dr 2 + g mn dX m dX n ) , (2.1) 

e -0 = A (3-fc)/2 ) ( 22 ) 

A (k+1) =X 2 dtAdX 1 A...AdX k , (2.3) 

]/2 

where the warp factor A is A = [H k (r)] and H k (r) is a harmonic function. 
In the warped compactifications the factor A is constrained [8]. These BPS 
Dk-branes warp (8-k)-dimensional manifold Y with a metric g mn . 

Let us consider a non-BPS Dp-brane (with p < k) which is embedded in the 
background descirbed above. The action for this non-BPS brane is [9]: 

S =- T pJ d p+1 &{T) e-fyj- dct( 7/1J/ + 2ira'F^ + + d^Td v T)+T p J v (T) dT AX* A {k+1)l 

(2.4) 

where T is a tachyon field with a potential v. 
For embedding in the following form: 

x M {t,e,...,e) = {t,e,-,e,r{t,e,-,e),0\-,o 8 - p ), (2.5) 

the action (2.4) (for F = B = 0) takes on the form: 

S = - T pJ d p+1 &(T) e-^- det(Ar^ + \-%rd v r + d»Td v T)+T p J v (T) dTAX*A (k+1) 

(2.6) 

and the induced metric 7 is: 

l» v = Mix V + X^d^rd^r. (2.6a) 
The DBI-like part can be rewritten as follows: 

S = - J d p+1 ^v (T) A (4+P ~ fe)/2 v/det(J + v~ 1 S), (2.7) 

where the matrix S has entries: 

= X^d^rd.r + \~%Td v T (2.8) 
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and v (T) = T p v (T). We restrict ourselves to the case when the tachyon T and 
the field r depend only on time t. Thus the action takes on the form [10]: 

S = -J <P +1 iv (T) A< 4 +P- fe )/ 2 \/ 1 - \~ 2 r - X^T +T P J v (T) dTAX*A {k+1) . 

(2.9) 

The DBI-like action (2.9) is appropriate for distances r larger then the fun- 
damental string length l s between a Dp-brane and a background k-brane. Oth- 
erwise one should replace this action with the action of a complex scalar tachyon 
field with a potential. This potential was calculated in [11] for p=3 and k=5. 



3 Inflation and slow-roll parameters 

We investigate cosmological consequences of the action (2.9). This action is 
considered as the action for the fields r,T which are coupled to the Einstein 
gravity on the world-volume of the brane. The action for the tachyonic field 
only is considered in [12]. We also restrict the dimension p of a non-BPS brane 
to 3. Thus the effective action for a non-BPS D3-brane is given by: 



j ,l\r'^,—H ■ Sr.l. (3.1) 



where the 4-dimcnsional Planck mass mp is equal to (8nG) and the scalar 
curvature R is obtained from the metric (2.6a). The action S[r, T] is given by 
(2.9). In the case when r is homogenous and depends on time t the induced 
metric on the worldvolumc has the form: 

ds 2 = -adt 2 + \5 mn dx m dx n , (3.2) 

where: 

.2 

a = X(r)-^—. (3.3) 
A(r) 

The Lagrangian for fields r and T is obtained from (2.9) and has the form: 

/ 2 

L = v (T) e *y 1 - T I a where $ = (f>— | In A — \ In a. The energy- momentum 
tensor for the above system is: 



ave 



too 



. 2 

1-T /a 



(3.4) 



/ .2x1/2 

T mn = -Xv (T) e~* il — T /a) 5 mn . (3.5) 
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Thus the field equations R^ v — = 8nGT^ u takes on the form: 

H 2 + 1 -° H (^-l)=8,G , (3.6) 

2 (7 V CL J / .2 

3yi-T /a 

/ 2 \V2 

2^ + H 2 -^i7 = 87rGawe- ,#, h-r /crj , (3.7) 

where o 2 = A and the Hubble parameter H is given by H — a /a. The equation 
of motion for T is obtained from the Lagrangian L: 

^ + (6-k)HT+^a-l ^2—^-0. (3.8) 

l-T /a V 1 — T I a 

For cr = l the field $ is related to the warp factor A as follows e~* = A /3+1 ^ 2 . 
Let (3 + 1/2 = (3 - fc) /2. Thus the equations (3.6) and (3.7) are reduced to the 
form (note that e"^ = a 2 ^ +1 ): 



H 2 = 8irG ; (3.9) 



f2 = OVI U 

3V1-T 

^SttG 7 = (l-3T/2) (3.10) 
5V1-T 



The constraint cr = 1 says that the metric (3.2) is space flat with the scale 
factor a 2 . For /3 = — 1/2 (which corresponds to fc = 3) and cr = 1 we obtain the 
well-known form of the equations. We shall only consider the case when a = 1. 

In order to get conditions on inflation we use the slow-roll parameters from 
[13]. In [14] a similar problem was considered but it did not account for the 
dilaton field. These slow-roll parameters are defined as follows: 

£l+1 ~ ^iv - ' (3 - n) 

where £o = Ho/H and Ho is the Hubble parameter at some chosen time. The 
Hubble parameter is considered here as the function of the e-foldings number 
N given by: N = J t ™* Hdt . The parameters £j as the functions of time t are 
governed by the equation: 

HeiSi+i = Si. (3-12) 
The first two slow-roll parameters have the from : 

^ = ~H% § = +1/2) + (0 + 2)^ (3.13) 
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£2 = 



1 cfei rfT 
71 dT dN 



2 (/3 + 2) TT 



(3.14) 



- (/3 + 1/2) + (/? + 2) T 

where we used equations (3.8) (with a = 1), (3.9) and the relation:effy<i/V 
T/H. Thus the equation (3.9) as the function of S\ takes on the form: 

8ttG 



'-.va 2l3+ V2/3 + 4. 



(3.15) 



3 _i 3^3 

Differentiation of the above equation, with respect to the cosmological time t 
gives (where we used (3.12)): 



-2 A /(/3 + 2)e 1 



[1 



7^2 



v 



(3.16) 



1 - 2ei/3 

where: £i = £i + /3 + 1/2 and 77 = ei/ei. The second derivative of (3.15) gives: 

£2 



(2ei - r/£ 2 ) + 



+4?x 1 



7 £ 1 



6 



?7£2 



1 



7? (37? -2) 

5ei £2 - f?£3 



1 



7 



g£i + g?7£2 ) 7 



09 + 2) vH 2 ' 



where 7 2 = (1 — 2ei/3) 1 . Up to the first order in e x and £ 2 we get: 

* 3 1 + 2/3 
2 1- 4/3' 

.(1 + /3) (1 + 2/3) 



??£2 



£1 = 


(I) 5 ' 2 






t/ 2 




(2 4 


- /3) 3/2 (1 - 4/3) « 3 






' 4- 


-/3t/ 2 7j"~ 






+ /3) 3/2 


1 - 


4/3 7j 3 v 2 _ 



(3.17) 



(3.18) 



(3.19) 



1 -4/3 

where = a~ 2/3_1 . From (3.19) we get the second parameter £ 2 expressed by 



£1: 

4 (4 - /3) i>" 
£2 = 1 - Pj £i-3 S ^ + (1 + 2/3) 

3 7J Z 



3(7-/3) + 



2(1 + 2/3) - 3stj"/tj 2 



2£i 



, (3.20) 



where s = y/zj2m 2 Pl (2 + /3) 3/2 . The inflation takes place if < £1 < 1. 
The number of e- foldings, expressed in terms of the tachyon field T and the 
dilaton field 6 is: 



N 



rT end H 
/ — dT 

JT rp 



3 / 2 (2 + /3) 3/2 (l + 16/3 + 4/3 2 ) f T f_ 
2™ 2 P; (1-4/3) J Tend v' e 



11 - 2/3 v' 
2(1- 4/3) 7 



(3.21) 



Since the dimension of the manifold Y is 8 — fe (see eqs.(2.1)-(2.3)), the case 
/3 = —1/2 corresponds to the background produced by the D-branes which are 
warping 5 dimensional manifold. In this case the parameters £1 and £ 2 become 
the standard parameters considered in the tachyon inflation. 
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4 Conclusions 



In this paper we considered gravity on the non-BPS D3-brane. The action 
for this system consists of the Einstein-Hilbert action and the DBI-like action 
for a D3-brane. From this model we derived the slow-roll parameters. These 
parameters depend on the potential v, the dilaton field cf> and the dimension of a 
manifold on which the background D-branes are warped. For the given potential 
v and the given background one can compute these parameters as the functions 
of T and r. The field r is obtained from the constraint: a = 1 (eq.(3.3)) on a 
D3-brane. The inflation is ended for the fields T and r if e± (T enc i,r en d) = 1. 
From £i and £2 one can calculate the observable parameters as the functions 
of T and r. In case when (3 = — 1/2 we get the well-known parameters for the 
tachyon inflation. 
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